Characteristics of substrates and inhibitors in binding to rat liver L-tryptophan 2,3-dioxygenase: a Fourier transform infrared and kinetic study.
Infrared spectroscopy and steady-state kinetics were applied to rat liver L-tryptophan 2,3-dioxygenase, in order to find relations between the structure and binding characteristics of its substrates and inhibitors. The binding characteristics were reflected by changes in the infrared CO stretch band(s) of an Fe(II)-CO complex of the enzyme upon addition of L-tryptophan and 12 analogs. The CO stretch band around 1961 cm-1 of the complex was not much affected by 1-methyl-D,L-tryptophan, a noncompetitive inhibitor, implying a binding at a site distant from the Fe(II)-CO vicinity. The spectral pattern was significantly changed by any of the other compounds which conserved an indole NH, indicative of its binding to the catalytic site. All substrates, which contained a complete CH(NH2)COOH group in addition to the NH, gave spectra similar to that of an L-tryptophan-bound complex. Spectral changes caused by six inhibitors, which lacked the complete CH(NH2)COOH, were different from one another and from those by the substrates. Hence, for an analog, the indole NH is indispensable to bind to the catalytic site, and the CH(NH2)COOH is important to take a correct configuration appropriate to the catalytic reaction. The reason why L- and D-isomers of 5-hydroxytryptohan are not substrates, in spite of their conservation of the required functional groups and correct binding to the catalytic site, has been ascribed to a possible distortion of the protein structure in the heme pocket due to a strong hydrogen bond from the hydroxyl group to an amino acid side chain.